OBJECTIVE: To determine whether the positive statistical associations between measures of total and regional adiposity and measures of glucose, insulin and triacylglycerol (TAG) metabolism reported in Caucasian men, are also observed in UK Sikhs. DESIGN: A matched cross-sectional study in which each volunteer provided a blood sample after a 12-h overnight fast and had anthropometric measurements taken. SUBJECTS: A total of 55 healthy Caucasian and 55 healthy UK Sikh men were recruited. The Caucasian and Sikh men were matched for age (48.7710.9 and 48.3710.0 y, respectively) and body mass index (BMI) (26.172.8 and 26.373.2 kg/m 2 , respectively). MEASUREMENTS: Anthropometric measurements were performed to assess total and regional fat depots. The concentrations of plasma total cholesterol, high-density cholesterol (HDL-C), low-density cholesterol (LDL-C) and small dense LDL (LDL3), TAG, glucose, fasting insulin (ins) and nonesterified fatty acids (NEFA) were analysed in fasted plasma. Surrogate measures of insulin resistance (HOMA-IR) and insulin sensitivity (RQUICKI) were calculated from insulin and glucose (HOMA-IR) and insulin, glucose and NEFA (RQUICKI) measurements. RESULTS: The Sikh men had significantly higher body fat, with the sum of the four skinfold measurements (Ssk) (P ¼ 0.0001) and subscapular skinfold value (P ¼ 0.009) higher compared with the Caucasian men. The Sikh volunteers also had characteristics of the metabolic syndrome: lower HDL-C (P ¼ 0.07), higher TAG (P ¼ 0.004), higher % LDL3 (P ¼ 0.0001) and insulin resistance (P ¼ 0.05 ). Both ethnic groups demonstrated positive correlations between insulin and waist circumference (Caucasian: r ¼ 0.661, P ¼ 0.0001; Sikh: r ¼ 0.477, P ¼ 0.0001). The Caucasian men also demonstrated significant positive correlations between central adiposity (r ¼ 0.275, P ¼ 0.04), other measures of adiposity (BMI and suprailiac skinfold) and plasma TAG, whereas the Sikh men showed no correlation for central adiposity (r ¼ 0.019, ns) and TAG with a trend to a negative relationship between other measures (Ssk and suprailiac) which reached near significance for subscapular skinfold and TAG (r ¼ À0.246, P ¼ 0.007). The expected positive association between insulin and TAG was observed in the Caucasian men (r ¼ 0.318, P ¼ 0.04) but not in the Sikh men (r ¼ 0.011, ns). CONCLUSIONS: In the Caucasian men, the expected positive association between plasma TAG and centralized body fat was observed. However, a lack of association between centralized, or any other measure of adiposity, and plasma TAG was observed in the matched Sikh men, although both ethnic groups showed the positive association between centralized body fat and insulin resistance, which was less strong for Sikhs. These findings in the Sikh men were not consistent with the hypothesis that there is a clear causal relationship between body fat and its distribution, insulin resistance, and lipid abnormalities associated with the metabolic syndrome, in this ethnic group.
Introduction
It is known that populations from the Indian subcontinent (India, Bangladesh and Pakistan) after migration to Western countries have a higher risk of coronary heart disease (CHD) [1] [2] [3] and type II diabetes, 3, 4 compared with the European Caucasian population, and compared with their counterparts in their country of origin. 3, [5] [6] [7] [8] This increased prevalence of CHD and diabetes within these ethnic groups cannot be explained by the classical risk factors, such as elevated plasma total and low-density lipoprotein cholesterol (LDL-C), high blood pressure, high smoking incidence or obesity. 9, 10 However, migrants from the Indian subcontinent do have a high prevalence of characteristics of the metabolic syndrome, including elevated plasma triacylglycerol (TAG) and small dense LDL (LDL3, the putative atherogenic LDL particles) levels, low plasma levels of high-density lipoprotein cholesterol (HDL-C), insulin resistance and a preponderance of central (visceral) fat. 7, [11] [12] [13] Studies have consistently shown that hyperinsulinaemia is present in a high percentage of both urban and migrant Asian Indians 10, [13] [14] [15] and could be a contributory factor to the increased prevalence of type II diabetes and CHD. 11 However, the pathology of the hyperinsulinaemia and insulin resistance in the Indian Asian population is unclear. It does not appear to be related to an increased body mass index (BMI), which is believed to have a causative link in other populations. For example, Pima Indian populations present with hyperinsulinaemia, insulin resistance and a high prevalence of diabetes and CHD. The high rates of obesity also observed in this ethnic group are thought to be an important aetiological factor in the insulin resistance. 16 Yet in Asian Indians, obesity, measured by BMI, is no more prevalent in migrant Indians than Caucasians. 8, 10 Therefore, it is unlikely that obesity per se is a viable explanation for the high prevalence of hyperinsulinaemia, although epidemiological data suggest that there may be a clearer association between central body fat, especially visceral fat, and insulin resistance, diabetes and CHD. 17 This relationship has been investigated by a small number of groups, but they have produced conflicting findings on the relationship between type II diabetes and a measure of central fat (waist:hip ratio). 8, 10 Overall, the available data suggest that symptoms of the metabolic syndrome occur at a lower BMI in Indian Asians than in other population groups. In addition to insulin resistance, it has been consistently reported that migrant and urban individuals from the Indian subcontinent have elevated plasma TAG, very-low-density lipoprotein cholesterol (VLDL-C), nonesterified fatty acid (NEFA) and lower HDL-C. In addition to this dyslipidaemia, greater tendency to central adiposity has also been reported. 8, 15, 18, 19 Although dyslipidaemia and central adiposity are more prevalent within this population, this by itself does not indicate a causal relationship between the two. Many studies have investigated the relationship between measures of adiposity, insulin resistance and lipid levels in varying groups. The majority of studies have reported a positive relationship between centralized body fat distribution and plasma TAG (fasting and postprandial), [20] [21] [22] [23] insulin, 24, 25 insulin resistance, 25, 26 glucose concentrations, [26] [27] [28] [29] 10 It therefore seems prudent to investigate the associations between measures of adiposity, insulin resistance and lipid levels in a migrant Indian Asian group. The aim of this study was to assess the relationship between adiposity and its distribution on glucose, insulin and TAG metabolism in two distinct ethnic groups (Caucasian and Sikh men) living in the UK.
Methods

Subjects
A total of 55 healthy Caucasian and 55 healthy UK Sikh men were recruited from the Reading and Slough areas of the UK by a combination of methods including: posters (Punjabi and English) displayed in shops, Sikh temples and around the University of Reading campus; leaflets (Punjabi and English) in the local newspapers and posted door to door; adverts in Punjabi and local newspapers; letters sent to possible subjects who were identified by using the electoral register; interviews on radio and television and word of mouth. Individuals were recruited on the basis of a medical and lifestyle questionnaire followed by a screening blood sample. Individuals who suffered from diabetes, liver or endocrine dysfunction, malabsorption syndrome, anaemia or had previously suffered a coronary event were automatically excluded. Volunteers were required to be nonsmokers, not on any hypolipidaemic medication or any other medication known to interfere with lipoprotein metabolism. They were not consuming any fatty acid supplements or following a weight reducing or any other diet. Volunteers were excluded if their BMI was o20 or 437 kg/m 2 , if they were o27 or 468 y, if they had plasma total cholesterol (TC) 48 mmol/l, TAG 44 mmol/l, glucose 48 mmol/l, gamma GT 480 IU/l, haemoglobin o12.5 g/dl or if their activity levels exceeded more than two 20-min sessions of aerobic exercise/week. Volunteers were recruited with a diverse range of body weight and adiposity, BMI range 20.3-37.0 kg/m 2 (mean 26.2 kg/m 2 ), and a diverse range of abdominal fat deposition, waist circumference range 75.5-124.5 cm (mean 94.3 cm). The volunteers had a mean age of 48.4 y (range 27-68 y). The Sikh men were required to have lived in the UK for at least 2 y prior to inclusion in the study.
The study received ethical approval from the University of Reading Ethics Committee, East Berkshire Research Ethics Committee, West Berkshire Local Research Ethics Committee and the Hounslow District Research Ethics Committee, and all subjects gave informed consent.
Study protocol
On the morning of the study day, the volunteers reported to the Hugh Sinclair Unit of Human Nutrition at the University Central adiposity and lipaemia in UK Sikhs JA Lovegrove et al of Reading between 08.00 and 10.00 h after a 12-h overnight fast. Volunteers were asked to refrain from alcohol and strenuous activity on the previous day. A 10 ml blood sample was collected by venepuncture before the volunteers were given breakfast.
Anthropometric measurements
A single trained investigator performed all anthropometric measurements. Volunteers were weighed wearing light clothing and no footwear. Height was measured to the nearest 1 cm using an upright stadiometer and weight to the nearest 0.5 kg on standard medical scales. Waist circumferences were determined mid-way between the lowest rib margin and the iliac crest and were measured to within 1 mm in a standing position. Skinfold thickness was measured using Harpenden's callipers at the triceps, biceps, subscapular and suprailiac sites as described previously. 32 Each individual measurement was taken to the nearest 1 mm, and the mean skinfold thickness at each site calculated from three readings. The CVs for waist, hip and skinfold readings at the various sites were 2.3, 2.8 and 4.5%, respectively. Waist was used as an index of central fat distribution, and the sum of the skinfolds for the four sites (Ssk) was used as an index of subcutaneous fat mass.
Analytical methods
The blood was collected into potassium EDTA tubes. Blood samples were spun immediately at 3000 rpm for 15 min (1700 Â g) in a bench top centrifuge and plasma was aliquoted into flat bottom 3 ml plastic tubes (Thermo Lifesciences, Basingstoke, UK) and stored at À201C until they were required for analysis. For all of the fasting blood samples collected, TC, HDL-C, TAG and glucose analysis was performed using an IL Monarch centrifugal analyser (Instrumentation Laboratory, Warrington, UK) using enzymatic colorometric kits. HDL-C concentrations were determined following precipitation of the fresh plasma with dextranmagnesium chloride reagent. 33 LDL-C was calculated using the Freidewald formula. 34 LDL subclasses were separated by density-gradient ultracentrifugation, and the relative percentage of small dense LDL3 was calculated by integrating the respective area under the LDL subclass profile, as previously described by Griffin et al. 35 In addition, plasma insulin was measured using a specific enzyme-linked immunosorbant assay (Dako, Cambridge, UK All data were checked for normality and a logarithmic (natural log) transformation was performed where necessary. Partial Pearson correlation (controlling for age) was calculated for all data that were normally distributed with Spearman's correlation used for data that were not normally distributed (Ssk in Sikhs). Stepwise multiple regression analysis was also performed, using a P in of 0.05 and a P out of 0.10 in order to establish the independent associations between the metabolic variables and measures of adiposity.
In the current study, lipaemic, glycaemic and insulinaemic responses and NEFA fasting concentrations were the primary outcome variables of interest. Waist, BMI, Ssk, % body fat, subscapular and suprailiac circumference were the measures of adiposity of interest. A P-value o0.05 was considered significant. All statistical analysis was performed using the SPSS statistical package (Version 6.1, Chicago, IL, USA).
Results
Subjects
A total of 233 men expressed interest in participating in the study. After completion of the screening questionnaire and biochemical screening, 112 (55 Caucasian and 57 Sikh men) fitted the inclusion criteria and were recruited. Two Sikh volunteers were removed from statistical analysis due to fasting plasma TAG concentrations two standard deviations above the mean on the study day. The characteristics of the volunteers are shown in Table 1 . The two ethnic groups were matched for age. It was observed that both groups had similar BMI and waist measurements. However, the Sikh group consistently presented with higher skinfold measurements, which reached significance for Ssk (a surrogate measure for subcutaneous fat) (P ¼ 0.009) and subscapular skinfold thickness (P ¼ 0.0001). Although there were no differences between the groups with regard to the TC and LDL-C concentrations, the Sikh volunteers presented with significantly lower HDL-C (P ¼ 0.007) and higher TAG (P ¼ 0.004) and higher %LDL3 (P ¼ 0.0001) in addition to significantly higher insulin resistance, measured by surrogate marker HOMA-IR (P ¼ 0.05), and lower insulin sensitivity, measured by surrogate marker RQUICKI (P ¼ 0.02). The dyslipidaemia and insulin resistance typical of the metabolic syndrome was therefore more prevalent in the Sikh than the 
Adiposity and measures of insulin resistance and glucose responses
The Sikh and Caucasian men had consistent and statistically significant positive associations with surrogate measures of insulin resistance (fasted insulin and HOMA-IR) and measures of adiposity, and negative associations between measures of insulin sensitivity (RQUICKI) and measures of adiposity. Stronger associations were observed in the Caucasian men between all measures of adiposity and the three surrogate measures of insulin resistance/sensitivity, compared with the Sikh group, who showed no significant association between Ssk or suprailiac and fasted insulin and HOMA-IR (Table 2 ). It was observed that in the Caucasian group, waist circumference had the highest degree of correlation of all of the adiposity measures with measures of insulin resistance and sensitivity: insulin (r ¼ 0.661, P ¼ 0.001), HOMA-IR (r ¼ 0.642, P ¼ 0.001) and RQUICKI (r ¼ À0.669, P ¼ 0.001) seen in Table 2 and Figure 1 . These data were supported by the multiple regression analysis where the only significant independent variable that contributed to the variability in measures of insulin resistance and sensitivity was waist circumference. Waist contributed to 38% (P ¼ 0.009), 31% (P ¼ 0.02) and 36% (P ¼ 0.01) of the variability in fasted insulin concentrations, HOMA-IR and RQUICKI, respectively (Table 3a ). In the Sikh group it was observed that, of all of the measures of adiposity, BMI showed the strongest degree of correlation with measures of insulin resistance: insulin (r ¼ 0.503, P ¼ 0.001) and HOMA-IR (r ¼ 0.520, P ¼ 0.001), whereas Ssk (r ¼ À0.432, P ¼ 0.01) and waist (r ¼ À0.405, P ¼ 0.01) showed the strongest degree of correlation with measures of insulin sensitivity (Table 2 ). These data were also supported by the stepwise multiple 
Central adiposity and lipaemia in UK Sikhs
JA Lovegrove et al regression analysis. The only independent variable that significantly contributed to the variability in measures of insulin resistance was BMI. BMI accounts for 22% (P ¼ 0.001) of the variability in insulin, and 25% (P ¼ 0.0001) of the variability in HOMA-IR. Waist contributed to 21% (P ¼ 0.001) of the variability of RQUICKI (Table 3b) . No significant correlation was observed in the Sikh group between any measures of adiposity and fasting glucose concentrations ( Table 2 ). The only independent variable that significantly contributed to the variability of the fasted glucose concentrations of the Sikh group was TC, which contributed 13% (P ¼ 0.01). However, BMI (r ¼ 0.320, P ¼ 0.04), waist (r ¼ 0.266, P ¼ 0.04) and subscp (r ¼ 0.299, P ¼ 0.04) all positively correlated with fasting glucose concentrations in the Caucasian group.
Adiposity and lipaemia
The relationship between fasted TAG and measures of adiposity differed between the two ethnic groups. An expected significant positive relationship was observed in the Caucasian group between some measures of adiposity and fasted TAG: BMI (r ¼ 0.381, P ¼ 0.01) (Figure 2a) , waist (r ¼ 0.275, P ¼ 0.04) and suprailiac (r ¼ 0.314, P ¼ 0.04) but not others (Ssk, subscapular) ( Table 2 ). However, no significant association between measures of adiposity and TAG was evident in the Sikh group, with an unexpected trend towards a negative association which almost reached significance for subscapular (r ¼ À0.246, P ¼ 0.07) (Figure 2b ). The positive relationship between measures of adiposity and fasted NEFA levels was similar between the ethnic groups ( Table 2) . After stepwise multiple regression analysis, no independent variable significantly contributed to either fasted TAG or NEFA levels in either ethnic group.
Adiposity and cholesterol containing lipoproteins
Consistent negative correlations were observed for both ethnic groups between measures of adiposity and HDL-C levels. These only reached significance for Ssk (r ¼ À0.295, P ¼ 0.04) and suprailiac (r ¼ À0.335, P ¼ 0.04) in the Sikh group and subscapular (r ¼ À292, P ¼ 0.04) in the Caucasian group ( Table 2 ). The relationships between measures of adiposity and LDL-C were negative in the Sikh, but positive for the Caucasian group although none reached statistical significance (Table 2) . After stepwise multiple regression analysis, no variable significantly contributed to fasted HDL-C, LDL-C or LDL3 independently.
Insulin and lipaemia
Consistent, significant positive relationships between measures of insulin resistance (fasted insulin and HOMA-IR) and Central adiposity and lipaemia in UK Sikhs JA Lovegrove et al glucose levels, and significant negative relationships between insulin sensitivity and glucose were observed in the Sikhs and Caucasians (Table 4 ). In the Caucasian men, significant positive relationships were observed between insulin resistance and plasma TAG (HOMA-IR r ¼ 0.371, P ¼ 0.01) and negative association with HDL-C (r ¼ À0.471, P ¼ 0.001). However, unexpectedly, the Sikh men showed no relationship between measures of insulin resistance and any lipaemic measure. In both ethnic groups, a significant negative relationship was observed between insulin sensitivity (measured by RQUICKI) and plasma NEFA levels (Sikh: r ¼ À0.656, P ¼ 0.001; Caucasian: r ¼ À0.458, P ¼ 0.001), although no relationship was observed between measures of insulin resistance. This significant relationship probably reflected the inclusion of NEFA in the calculation of RQUICKI. It was also observed that the fasted plasma TAG concentration was significantly and positively correlated with TC, LDL-C and LDL3 cholesterol in the Caucasian men and negatively with the HDL-C concentrations. However, the Sikh men only showed a significant positive association between fasted plasma TAG and total cholesterol and a negative association between fasted plasma TAG and HDL-C levels ( Table 4) .
Discussion
The aim of this study was to determine whether the associations between measures of total and regional adiposity and measures of glucose, insulin and TAG metabolism reported in Caucasian men were also observed in UK Sikhs. The two ethnic groups were matched for age and BMI. However, the Sikh men had significantly higher subcutaneous fat mass (measured by sum of the skinfold thicknesses) and subscapular skinfold thickness, although both groups had almost identical central fat accumulation (measured indirectly by waist circumference). There were also a number of biochemical parameters that differed between the ethnic groups: the Sikh men had significantly higher plasma TAG and LDL3 levels, significantly lower HDL-C levels, a higher insulin resistance (measured by HOMA-IR) and a lower insulin sensitivity (measured by RQUICKI) compared with the Caucasian men. The mean RQUICKI value of 0.41 reported for the Sikh men was identical to the value reported by Perseghin et al 37 who studied the offspring of Caucasian type II diabetics. The offspring had an RQUICKI value of 0.41 and were reported to be mildly insulin resistant. This value compared with the value of 0.44 recorded for normal controls, 37 which was identical to our group of matched Caucasian men, who would be considered as insulin sensitive. The observation of mild insulin resistance, hyperinsulinaemia, elevated plasma TAG and LDL3, and lower HDL-C supports previous reports of migrant Indians presenting with characteristics of the metabolic syndrome. 1, 13, 15, 17, 18, 38 Our report of comparable central adiposity in the two ethnic groups, although not consistently observed, has also been reported by others using indirect measures of central adiposity. 15, 18 Body fat accumulation, especially that in the abdominal region, was positively associated with hyperinsulinaemia and all surrogate measures of insulin resistance and negatively associated with measures of insulin sensitivity in both the Caucasian and Sikh men. These data support previous studies in Caucasian men 26, 30, [39] [40] [41] [42] and Asian Indian men. 8, 10, 38, 43, 44 The higher circulating insulin levels associated with greater fat accumulation appeared to have compensated for the loss of insulin sensitivity in the Sikh, as no significant associations between fasted glucose and measures of adiposity were observed. This supports findings from other groups on Caucasian subjects. 21, 22, 30, [45] [46] [47] [48] However, it was observed that the Caucasian men in the present study had a significant positive associations between fasting glucose and BMI, waist and subscapular. Although the Sikh men had higher insulin resistance than the Caucasian men, they also presented with higher fasted insulin, which could have contributed to the lack of relationship between glucose and body fat distribution. It was also observed that central adiposity was a stronger predictor for insulin sensitivity, measured by the indirect measure of RQUICKI, than for insulin resistance, measured by HOMA-IR and fasted insulin in both ethnic groups. The RQUICKI method is a novel surrogate marker of insulin sensitivity, which includes fasted NEFA concentrations, in addition to the reciprocal of the fasted insulin and glucose. 37 This surrogate measure of insulin sensitivity therefore takes some consideration of the influence of insulin on lipid metabolism. In the limited application this surrogate has received to date, RQUICKI has been reported to more closely reflect direct measures of insulin sensitivity, such as Central adiposity and lipaemia in UK Sikhs JA Lovegrove et al euglycaemic hyperinsulinaemic clamp and minimal model, and has been shown to be more discriminatory in cases of mild insulin resistance than other surrogate markers. 37, 49 Although there is substantial evidence that greater abdominal fat is associated with insulin resistance, the mechanisms linking the two have not been fully elucidated. Evidence from previous studies suggests that abdominal visceral fat cells are resistant to the antilipolytic effects of insulin 50 resulting in increased hepatic availability of NEFA.
This would increase gluconeogenesis, 51 reduce hepatic insulin extraction 52 and stimulate VLDL apolipoprotein B and TAG production. 53, 54 Reduced insulin-mediated glucose uptake through the glucose-fatty acid cycle is also linked with elevated NEFA, 55 which would lead to glucose intolerance and hyperinsulinaemia. The data from the present study showed positive correlations between waist, subcutaneous fat mass, suprailiac skinfold thickness and NEFA concentrations in the Sikh men, and a positive association between suprailiac skinfold thickness and NEFA in the Caucasian men, thereby supporting the above hypothesis. Since elevated NEFA can drive an increased hepatic synthesis of TAG, circulating NEFA and TAG concentrations are frequently found to be positively correlated with one another, although we did not find an association in either Sikhs or Caucasians. Caucasian men in the present study showed a positive association between TAG concentrations and waist (r ¼ 0.275, P ¼ 0.04), BMI (r ¼ 0.381, P ¼ 0.01) and suprailiac (r ¼ 0.314, P ¼ 0.04). These data support findings from other studies performed on Caucasian men, 21, 22, [56] [57] [58] [59] although not all. 30, 31 However, the expected positive association between waist (or any other measure of adiposity) and circulating TAG was not observed in the Sikh men.
In fact there was a trend to a negative association between measures of adiposity and plasma TAG, which almost reached significance for subscapular skinfold thickness (r ¼ À0.246, P ¼ 0.07). These observations are contrary to some studies performed on Asian migrants. 10, 15, 44, 60 Unlike the present study, most of these studies used direct measures of adiposity (computerised axial tomography or dual-energy X-ray assessment). Banerji et al 44 reported a significant positive correlation between visceral fat, measured by computerised axial tomography (r ¼ 0.46, P ¼ 0.04). However, no significant relationship was observed with either abdominal subcutaneous fat or waist circumference in the same study. This unexpected lack of association between adiposity and plasma TAG concentration in Sikh men is difficult to reconcile with current understanding of mechanisms underlying relationships between body fat and dyslipidaemia of the metabolic syndrome. This lack of association does not appear to reflect a greater clearance of TAG by a larger fat mass, because after statistical adjustment for BMI, the relationship between waist (and other measures of adiposity) and plasma TAG levels in the Sikh group became more strongly negative (data not shown), with a significant relationship observed between subscapular skinfold and TAG (r ¼ À0.323, P ¼ 0.02 adjusted for BMI). Another explanation for the lack of, or negative, association observed in the Sikh men could be a lack of heterogeneity in TAG or anthropometric values in the group. However, the range of TAG concentrations and waist circumferences in the Sikh group (0.67-3.51 mmol/l and 75-124 cm, respectively) was greater than in the Caucasian men (0.48-2.40 mmol/l and 75-124 cm, respectively).
A possible explanation for the unexpected lack of association between measures of adiposity and plasma TAG levels in the Sikh men could be a differential insulin resistance between the central and peripheral fat depots with respect to lipid. Central fat depots and liver may retain insulin sensitivity with respect to lipid metabolism despite loss of sensitivity to glucose transport. In this situation, hyperinsulinaemia could result in more effective processing of TAGrich lipoproteins, chylomicrons (CM) and VLDL, through greater activation of the insulin-dependent pathways such as lipoprotein lipase (LPL), enhanced re-esterification of released fatty acids in the adipocyte, inhibition of hepatic VLDL production and a greater postprandial suppression of lipolysis through inhibition of hormone-sensitive lipase (HSL) activity. [61] [62] [63] In the present study, the expected positive correlation between insulin and plasma TAG, which was observed in the Caucasian men (r ¼ 0.318, P ¼ 0.19), was not observed in the Sikh men (r ¼ 0.011, P ¼ 0.94). This lack of association in the Sikh group tends to support the above hypothesis. The question of the comparison of the relative sensitivities to insulin of glucose transport and antilipolysis in obesity and NIDDM has been addressed in a limited number of studies [64] [65] [66] [67] where divergent sensitivities have been reported. The lipolytic action of insulin was reported to be maintained despite the loss of insulin sensitivity with respect to glucose homeostasis. However data currently available prevent definitive conclusions to be drawn. This lack of association between adiposity and plasma TAG reported in the present study, although unexpected, is not unique. Two previous studies performed on Caucasian men, who present with an ALP, also reported a lack of, or negative association between BMI and fasting and postprandial chylomicron-TAG responses. 30, 31 In both studies, apoE genotyping was performed and it was reported that the Caucasian men with ALP had a higher prevalence of apoE4 genotypes. 30, 31 Minihane and colleagues reported that 39% of the ALP group carried the apoE4 allele, which is higher than the population prevalence of 25-27%. 68 It was also observed that a lack of positive association between central adiposity and fasting and postprandial TAG was more evident in those with an apoE4 genotype relative to the non-apoE4 carriers. These data were supported by other studies reporting on overweight premenopausal women, who reported that those women carrying the apoE4 genotype had the unexpected lack of associations between TAG, insulin and centralized fat. 26, 69 As yet the mechanism underlying the impact of apoE genotype on the association A limitation of this study was that a direct measure of body fat topography was not completed due to cost and availability of equipment; therefore, waist circumference was used as an index of central fat, which our group 30, 48 and others 70, 71 have identified as the most appropriate surrogate measure. Waist circumference has emerged as the strongest correlate to both the degree of obesity and accumulation of visceral adipose tissue, when anthropometric data were compared with direct imaging techniques in Caucasians, 70, 71 yet to date it has not been determined whether this is the case in Indian Asian populations. If waist is not as strong a surrogate measure for abdominal adiposity as observed in Caucasian populations, this could be a possible explanation for why only those studies that measured fat depots by direct imaging techniques reported a positive association between TAG and visceral fat in Indian Asians. Further work is required to determine the validity of using waist circumference as a surrogate measure for abdominal fat deposits in Indian Asian groups.
In conclusion, the expected associations between body fat, body fat distribution and insulin sensitivity were observed for both ethnic groups. The expected positive association between TAG responses and small dense LDL3 particles was observed in the Caucasian group, although not in the Sikh population. In addition, the expected positive association between the plasma TAG and measures of adiposity was observed only in the Caucasian men, with either a lack of, or a negative, association between adiposity and plasma TAG in the UK Sikh group. The observations in the Sikh men were inconsistent with current understanding of the relationship between insulin resistance, central adiposity and lipaemia, and do not support the hypothesis that there is a clear causal relationship between insulin resistance and defective TAG clearance in Sikh men suffering from the metabolic syndrome. The present study supports the view that factors other than total body fat and its distribution, and insulin resistance may impact on circulating TAG levels in Sikhs. Further studies are required to identify the metabolic loci responsible for the observed relationship between body fat distribution and TAG metabolism in migrant Indian Asian groups suffering from characteristics of the metabolic syndrome.
